The Glymphatic System (GS) has been proposed as a mechanism to clear brain tissue from waste. Its 22 dysfunction might lead to several brain pathologies, including the Alzheimer's disease. A key 23 component of the GS and brain tissue water circulation is the astrocyte which is regulated by 24 acquaporin4 (AQP4), a membrane-bound water channel on the astrocytic end-feet. Here we 25 investigated the potential of diffusion MRI to monitor astrocyte activity in a mouse brain model 26 through the inhibition of AQP4 channels with TGN-020. Upon TGN-020 injection, we observed a 27 significant decrease in the Sindex, a diffusion marker of tissue microstructure, and a significant increase 28 of the water diffusion coefficient (sADC) in cerebral cortex and hippocampus compared to saline 29 injection. These results indicate the suitability of diffusion MRI to monitor astrocytic activity in vivo 30 and non-invasively.
Introduction 33
Proper neuronal function necessitates a highly regulated extracellular environment in the brain.
34
Accumulation of interstitial solutes, such as amyloid β and toxic compounds [1] may lead to 35 degenerative diseases, such as Alzheimer's disease [2, 3] or even autism [4] . Although the Blood Brain
36
Barrier is thought to be the primary mechanism involved in controlling the brain blood-exchange, the 37 existence of a fluid driven transport system (so-called glymphatic system) via cerebrospinal fluid (CSF) 38 or interstitial fluid (ISF) has been proposed recently as a waste clearance system through the 39 perivascular and interstitial spaces in the brain [1, 5] . Hypothetically, CSF crosses the astrocyte end-40 feet bound to arteries in the perivascular space [6, 7] . After washing the interstitial space, the resulting 41 ISF is flushed back outside the brain via veins in the perivascular space. Several factors play a crucial 42 role in the modulation of this clearance system activity, notably sleep and anesthesia, perhaps via a 43 modulation of brain blood volume and pressure [8] [9] [10] [11] . This scheme gives astrocytes a crucial role in 44 controlling water movements between the blood and the brain, through a mechanism dependent on 45 Aquaporin-4 (AQP4), a membrane-bound water channel expressed at their end-feet [12] .
46
Deletion of the AQP4 gene suppresses the clearance of soluble amyloid β [1]. As a consequence of the regulation of astrocyte membrane water permeability, AQP4 is involved in the rapid volume regulation 48 of astrocytes [13] . Although most studies were performed in vitro, some studies showed astrocyte 49 volume change in vivo using 2-photon microscopy. Acute osmotic and ischemic stress induce astrocyte The MRI experiments were conducted on a Bruker 11.7T scanner (Bruker BioSpin, Ettlingen, Germany) 97 equipped with a gradient system allowing a maximum gradient strength of 760 mT/m. A cryo-cooled 98 mouse brain coil was used. Animal positioning was performed using multi-slice fast low angle shot 99 imaging (FLASH, TE/TR = 2.3/120 ms). A global first and second order shim was achieved followed by a 100 local second order shim over the brain parenchyma. Structural (anatomical) images were acquired with 101 the following parameters: T2 TurboRARE sequence, TE/TR = 11.15/2500 ms. Diffusion-weighted echo- 
106
Six DW-EPI sets were first acquired (baseline) before TGN-020 or vehicle was injected. Then, after the 107 injection, 12 additional DW-EPI data sets were acquired ( Fig. 1 i.e., cerebral cortex, hippocampus and striatum, in vehicle and the TGN-020 group. TGN-020 injection 176 observed following vehicle injection in those locations (p = 0.94 in cortex, p = 0.25 in CA3 and p = 0.14 177 in striatum), except for DG the Sindex was slightly but significantly decrease (-3.4, p = 0.03). Fig. 4e-h   178 show the sADC averaged over six scans before and after the injection in the same locations as for the 179 Sindex, in vehicle and TGN-020 group. TGN-020 injection resulted in significant increase in sADC in the 180 cortex (p = 0.0064) and the hippocampus (CA3: +10.2, p = 0.00013, DG: +22.5, p = 7.14e-7) but not in 181 the striatum (p = 0.26). No significant change of sADC was observed following vehicle injection in any 182 of the ROIs considered (p = 0.91 in cortex, p = 0.31 in CA3 and 0.14 in striatum), except for DG the sADC 183 was slightly but significantly increase (+6.2, p = 0.03 
